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Abstract. In terms of the hypergeometric method, we give the exten- 
sions of two known series for tt. Further, other twenty-nine summation 
formulas for tt, tt and I/tt with free parameters are also derived in the 
same way. 



1. Introduction 



For a complex number x and an integer n, define the shifted factorial by 

nr=o^(^ + when n > 0; 



{X)r. 



1, 



_ n7=„(=:+j)' 

Define F-function by Euler's integral: 



when n = Q; 
when n < 0. 



V{x) = / t''''^e~^dt with Re{x) > 0. 



Then we have the following two relations: 

r{x + n) ^r{x){x)„, r{x)r{i~x) 



sin(7r2;) ' 

which will frequently be used without indication in this paper. 
Following Bailey ;4j, define the hypergeometric series by 



l + rFs 



ao, tti, 
6i, 



E 



(ao)fc(ai)fc ■ ■ ■ {ar)k k 



Then a simple 2fi-series identity (cf. [301 Eq. (26)]) can be stated as 



2^1 



arcsin(a;) 
x\/l — x^ 



where \x\ < 1. 
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Two beautiful series for tt (cf. (SOj Eq. (23) and (27)]) implied by it read as 



E 

oo 

E 



fc! 



(2fc + l)!! 2' 



2-K 



(2fc + l)! 3%/3' 



(1) 
(2) 



Recall the rFs-series identity due to Chu 15, Eq. (5.1e)] and Dougall's 5_F4-series identity 
(cf. H p. 27]): 



1 

2 ' 



2a + 2 
3 ' 

2a-l 
3 ' 



2b - 1, 

1 + a-b, 



2c- 1, 
1 + a — c, 



2a - 26 
b + c- 



2c, 



a + s, 
2a + 2s, 



-2s 



+ a)s{b)4c)4a - b - c + |), 
(i).(l + a-6)4l + a-c),(b + c- i) 



5F4 



1 + f, b, c, d 

f, 1 + a- b, 1 + a-c, 1 + a- 

r(i + a - fe)r(l + a - c)r(l + a - d)r(l + a - 



d 



d) 



r(l + a)r(l + a - fe - c)r(l + a - 6 - d)r(l + a - c - 
provided that iie(l + a — b — c — d) >0. 



d) 



(3) 



(4) 



Recently, Chu [161 117) and Liu [271 128] deduced many surprising 7r-formulas from several 
known hypergeometric series identities. Thereinto, Chu [15] showed that Q implies the 
Ramanujan-type series for l/vr with three free parameters: 



2 

TT 



E(- 



(2)^(2)^ fc=o 

where m,n,p £ Z with min{m 



^^fc (|)fc+m(2)fc+4|)fe+P ^^ (4fe^2m + l) (5) 



k\{k + m — n)\{k ~\- m — p)\ 

n,m — p,m — 2n — 2p} > and Liu 
implies the Ramanujan-type series for 1/n with four free parameters 

"V^S ( ^ ) m — n — p ( 2 )^^i — Ti — g ( ^ ) "I — p — g 

3^ ^ 



showed that (gj 



(m - 

E 



n-p-g-l)!(i)4i)p(|). 



( 2 + 2 )k+n ( o )fc+p( 3 )fc 



+ 9 



A;!(fc + m-n)!(|)fc+™_p(|)fc+„ 



-(l + 2m + 4fc) 



(6) 



where m,n,p,q £ Z with min{m ~n,m~n — p— q — 1} > 0. More 7r-formulas can be 
found in the papers [I]- [3], [5]-[l4], [18], [IS]- [26] and [29]- [33]. 

Inspired by these work just mentioned, we shall explore further the relations of 7r-formulas 
and hypergeometric series. The structure of the paper is arranged as follows. Seven tt- 
formulas with free parameters including the extensions of ([l]) and ([2]) will be derived from 
([3]) in section 2. Twenty-four 7r-formulas with free parameters other than ([5]) and ([6]) will 
be deduced from Q in section 3. 

2. Summation formulas for tt and tt^ with free parameters 

IMPLIED BY Chu'S T-Fe-SERIES IDENTITY 



Letting s — >■ 00 for ((3|, we obtain the following equation: 



3F4 



2a + 2 
3 ' 

2a-l 
3 ' 



26-1, 2c- 1, 2 4- 2a- 26- 2c I 1 
l-fa-6, 1 + a- c, 6 + c- i \ 4 



r(i)r(i + a-6)r(i + a-c)r(6 + c- i) 



(7) 



r(i + a)r(6)r(c)r(a - 6 - c + 1) 

Subsequently, one summation formula for tt with two free parameters, five summation 
formulas for tt with three free parameters and one summation formula for tt^ with three 
free parameters will respectively be derived from ([7]). 



7r-formulas with free parameters 
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Choosing b = 1 + m, c = 1 + n in ^ and then letting a — >■ cxa, we achieve the extension 
of 0. 

Theorem 1. For m,n £ No, there holds the summation formula for n with two free 
parameters: 

n _ m!n! (fc + 2m)!(it + 2n)! 

2™+"+i ^ (2m)!(2n)! ^ fc!(2fc + 2m + 2n + 1)!! ' 

When m = n = 0, Theorem [1] reduces to Q exactly. Other two examples of the same 
type are displayed as follows. 

Example 1 (m — 1 and n = in Theorem [TJ. 



(fc+i) 



2 e,(2fc + l)!!- 
Example 2 (m = 2 and n = in Theorem [TJ. 

Stt _ ^ (fc + 2)! 



(2fc + 1)!! 



Making a=i+m, & =i+n and c = | + p in (O, we attain the equation. 

Theorem 2. For m,n,p £ Z mt/i min{m, m — n — p} > 0, t/iere /lo/ds t/ie summation 
formula for tt wif/i three free parameters: 

n 1 



2 ( 4)"(4)p(2)™~"-P 

°° (-i)fc+2„(|)fc+2p(A; + m)!(fe + 2m-2n-2p)!3fc + 2m 1 



X 



(f )fe + m-n(f )fc+m-p(^)fc+n+p fc! k+m 4'=+'^ 



fc=0 V4/K + m-n\4 



Two examples from Theorem [5] are laid out as follows. 
Example 3 (m — n = 1 and p = in Theorem [2]). 



Example 4 (m = 2 and n = p = 1 in Theorem El). 

)! 



A beautiful result should be mentioned. Fixing a = — | in the identity due to Chu [151 
Equation (5.3 g)]: 



6 



Fs 



7 + 4a, -2 -2a, -| - 2a, -a + s, -s i 32 

^ ^ 2 - 4s, -2 - 4a + 4s 1 27 



3 ' 3 ' 5 ' 

^ (-|^a)4-l-a)4l-a)4f +a). 

(!).(!).(i).(-|-2a). 

and then letting s — )■ oo, we obtain the surprising series for n: 

TT _ ^22, fc!(2fc)! 5fc + 3 
2 ^ ^ (3fc + 2)! 2*= 

Setting a=i+m, fe=i+n and c = | + p in ([7J, we get the extension of 0. 
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Theorem 3. For m,n,p G Z with min{m, m — n — p} > 0, there holds the summation 
formula for n with three free parameters: 

2-K 1 



3\/3 ( 3 )n( 3 )p( 2 )m-n-p 



X 



°° (-|)fe+2n(|)fe+2p(fc + m)!(fc + 2m-27'i-2p)!3fc + 2m 1 



(|)fc+„_„(|)fc+„_p(i)fe + n+pfc! fc+m 4*=^ 



When m = n = 1 and p = 0, Theorem |3] reduces to ((2)| exactly. Other two examples of 
the same type are displayed as follows. 

Example 5 (m = 2 and n = p = 1 in Theorem [3]). 

3^-^(2fc + l)!(3'= + 2). 
Example 6 (m = 3, n = 2 and p = 1 in Theorem [3|. 



47r (fc!) 

ft=2 



Taking a — ^ + m, b — ^ + n and c = | + p in ([7]), we gain the equation. 

Theorem 4. _Fbr m,n,p £ Z mt/i min{m, m — n — p} > 0, there holds the summation 
formula for n with three free parameters: 

11 1 



( 5 )n( g )p( 2 )m-n-p 

-A (-g)fc+2n(|)fc+2p(fc + m)!(fc + 2m - 2n - 2p)! 3fc + 2m 1 
ho (|)fc+™-„(|)fc+™-p(i)fc+„+pfc! fc + m 4*=+- 



Two examples from Theorem |4] are laid out as follows. 
Example 7 (m = n = 1 and p = in Theorem |4]). 

Stt _ ^ (l)fc(|)fc(|)fc 3fc + 2 

Example 8 (m = 2 and n = p = 1 in Theorem 3]) . 

TT _ (l)fe(|)fc(|)fc 3fc + 1 

Choosing a = ^ + m, h = + n and c = + p in ((7|) , we achieve the equation. 

Theorem 5. For m,n,p G Z mt/i min{m, m — n — p} > 0, there holds the summation 
formula for n with three free parameters: 

IT 1 



6(2 — -\/3) ( i^)p(5)m-'i-p 

(-|)fc+2n(|)fc+2p(fc + m)!(fc + 2m - 2n - 2p)! 3fc + 2m 1 



X 



Two examples from Theorem [S] are displayed as follows. 
Example 9 (m = n — 1 and p = in Theorem [5]). 

llTT ^ (l)fe(|)fc(^)fc 3fc + 2 



60(2-^/3) 4^= 



TT-formulas with free parameters 
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Example 10 (m = 2 and n = p = 1 in Theorem [5]) . 

_ (i)fc(i)fe(i)fc 3fc + i 



1 = y^ 

12(2 -V3) (i)^(T5)fe(Tl)fc 



Making a=^+m, 6=-^+n and c = ji + p in (l7|), we attain the equation. 

Theorem 6. For m,n,p £ Z with min{n,p, m — n — p} > 0, there holds the summation 
formula for n with three free parameters: 

5n 1 



6(2 + \/3) i-^)rz{^)p{^)m-,i-p 
oo 



(-|)fc+2n(|)fe+2p(fc + m)!(fc + 2m - 2n - 2p)! 3fc + 2m 1 



( 12 )k-\-77i — n{ 12 )k-\-77i 



-p(2)fc^ 



fc + m 4*=+" 



Two examples from Theorem [6] are laid out as follows. 
Example 11 (m — n = 1 and p = in Theorem |6]). 



357r 



E 



12(2 + ^/3) 

Example 12 (m = 2 and n = p = 1 in Theorem [5]) 



(l)fc(|)fc(|)fc 3fc + 2 
(|)fc(Y|)fe(Y|)fc 4* 



= E 



(l)fc(|)fc(f)fe 3fc + l 



12(2 + 73) (|).(^)fe(ii). 



Setting a=|+m, 6=l + n and c = 1 + p in (O, we get the equation. 

Theorem 7. For m,n,p G Z uiii/i min{n, p, m — — p} > 0, i/iere holds the summation 
formula for n with three free parameters: 

2 1 



( 2 )n( 2 )p( 2 

(fc + m)\{k + 2n)!(fc + 2p)!(fc + 2m - 2n - 2p)! 3fe + 2m + 2 



E 



(2 )fc + m — n( 2 ) fc+m — p ( 2 ) fc+^^+p ^* 



^fc + m— 1 



Two examples from Theorem [71 are displayed as follows. 
Example 13 (m = n = p = in Theorem [7|). 



(1)1 3fc + 2 



\2h 



4k 



k=0 

Example 14 (m — 2 and n = p = 1 in Theorem [7]). 

" (1)1 k 



— = T- 

12 ^ el 



*;=2 ^2 



3. RAMANU JAN-TYPE SERIES FOR I/tt WITH FREE PARAMETERS 
IMPLIED BY DOUGALL'S 5F4-SERIES IDENTITY 



In this section, ten Ramanujan-type series for l/vr with three free parameters and fourteen 
Ramanujan-type series for I/tt with four free parameters other than ([5]) and ((Gjl will 
respectively be deduced from Q. 

Taking a = ^ + m, & =|+n, c=^+p in Q and then letting d — >■ cxj, we gain the 
equation. 



6 



Chuanan Wei, Dianxuan Gong 



Theorem 8. For m,n,p £ Z, with min{m — n, m — p, m — 2?! — 2p + 1} > 0, there holds 
the Ramanujan-type senes for 1/tt with three free parameters: 

3 _ (_|)m-n-p l^fc (|)fc+m(|)fc + n(|)fc+p ^i , c_ , ^r,,„^ 

-'Wm^h fc!(fc + m-n)!(fc + m-p)!^l + 6'" + 12fc). 

Choosing a=|+m, fe=| + n, c=|+pin(|4]) and then letting d — >■ cxa, we achieve the 
equation. 

Theorem 9. For m,n,p G Z, with min{m — n,m — p,m — 2n — 2p — 1} > 0, there holds 
the Ramanujan-type senes for 1/tt with three free parameters: 

3 _ (|)m-ra-p i^fc )fc+m(|)fc + n(f )fc+p f k , , 10^^ 

Making a=i + m, fe=i+n, c=-|+p in Q and then letting d — >■ oo, we attain the 
equation. 

Theorem 10. For m,n,p £ Z with min{m — n, m — p, m — 2n — 2p + 1} > 0, there holds 
the Ramanujan-type series for l/vr with three free parameters: 

- h k\{k + m-ny.ik + m-py}' + ^'^ + '''>- 

Setting a = |+m, 6 = |+n, c = |+pin(|4)) and then letting d oo, we get the 
equation. 

Theorem 11. For m,n,p £ Z with min{m — n, m — p, m — 2n — 2p — 1} > 0, there holds 
the Ramanujan-type series for I/tt with three free parameters: 

2\/2 _ {j)m-n-p V"^/ ^sk (f )fc+m(f )fc + n(f )fc+p , 4_ SZ~~1 

^ " (!)n(!)p ^ fc!(fc + m-n)!(fc + m-p)!^^ + *"' + "''^- 

Taking a — | + m, fo = |+n, c = |+pin(|4]) and then letting d — >■ cxa, we gain the 
equation. 

Theorem 12. For m,n,p £ Z with min{m — n,m — p,m — 2n — 2p} > 0, there holds the 
Ramanujan-type series for l/vr with three free parameters: 

2^ " h fc!(fe + m-n)!(fc + m-p)!^' + ^"' + *"=^- 

Choosing a=| + m, b=| + n, c=|+pin(|4]) and then letting d — >■ cxj, we achieve the 
equation. 

Theorem 13. For m,n,p £ Z with min{m — n, m — p, m — 2n — 2p — 1} > 0, there holds 
the Ramanujan-type senes for 1/n with three free parameters: 

3\/3 _ (|)m-n-p -i^fc (|)fc+m(|)fc + n(|)fc+p i , cjLX 

2^ " t'o k\{k + m^ny.{k + m-p)y + '^'^ + ^''>- 

Making a = m, b — -\~ n, c = + p in ^ and then letting d — >■ cxa, we attain the 
equation. 

Theorem 14. for m,n,p £ Z with min{m — n, m — p, m — 2n — 2p + 1} > 0, there holds 
the Ramanujan-type series for I/tt with three free parameters: 

^ - (5)4^ fc!(fc + m-n)!(fc + m-p)!^^ + + 24fc). 



TT-formulas with free parameters 
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Setting a — -^+171, b=j^+n, c — -^+pm^ and then letting d — >• oo, we get the 
equation. 

Theorem 15. For m,n,p £ Z with min{m — n,m ~ p,m ~ 2n — 2p} > 0, there holds the 
Ramanujan-type series for l/vr with three free parameters: 

3(\/6+ V2) _ (]^)m-n-p .^^^ (^)fc + 77i(^)fc + n(^)fc+p , ^ , 

- fc!(fe + m-n)!(fc + m-p)!^^ + ^'^ + 24fc). 

Taking a=T|^+m, 6=^ + n, c=T^+p in Q and then letting d — >■ oo, we gain the 
equation. 

Theorem 16. For m,n,p £ TL with niin{m ~ n,m — p,m — 2n — 2p} > 0, there holds the 
Ramanujan-type series for I/tt with three free parameters: 

3(\/6+ \/2) _ (Y^)m-n-p ■s^^ -i^fc (l^)fc + m(i^)fc + n(^)fc+p ^ ^ ^ 

^ - fc!(fc + m-n)!(fc + m-p)!^^+^2m + 24fc). 

Choosing a^yl + m, & =y| + n, c=y|+p in (m and then letting d — > oo, we achieve 
the equation. 

Theorem 17. For m,n,p £ Z with min{m — n,m — p,m — 2n — 2p — 1} > 0, there holds 
the Ramanujan-type series for I/tt with three free parameters: 

~ V^) _ ( ■s^^ (Y|)fc + m(Y|)fc + n(Y|)fc+p ^ ^ 

^ " to fc!(fc + m-n)!(fc + m-p)!(^^ + ^2m + 24fc). 

Making a=i+m, fe=-|+n, c=i+p and d = i + g in Q, we attain the equation. 

Theorem 18. For m,n,p,q £ Z with niin{m — n,m — p,m — n~p — q} > 0, there holds 
the Ramanujan-type series for I/tt with four free parameters: 

4 ( ^ ) m — n — p ( 2 )77i — n — g ( ^ ) T7i — p — g 



(4)'"^"^P^'3(4)"(4)p(2)'3 



X V (-J''+m{jh+r.CJk+Akh+, n+4m + 8k). 

tokKk + m-ny.{k + m-py.{^)k+m-q 

Setting a — J -\- m, b — J n, c = J -\- p and d = ^ + g in (j4|, we get the equation. 

Theorem 19. For m,n,p,q £ Z with min{m — n,m, — p,m — n~p — q — 1} > 0, there 
holds the Ramanujan-type series for I/tt with four free parameters: 

1 ( ^ ) m — n— p ( 2 )777 — 77 — <? ( ^ ) "1 — p — q 



(4)'7i-7i-p-q-l (4)7i(4)p( 2 ) 
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X (4)fc+777( 4 )fc+77(4)fc+p(2)fc+.; ,g 

Z^^k\{k + m-ny.{k + m-py.{l)k+m-, 

Taking a — ^ + m, b — ^ n, c = j + p and d = | + g in (Q, we gain the equation. 

Theorem 20. For m,n,p,q £ Z with niin{m — n, m — n — p — g— 1} > 0, there holds the 
Ramanujan-type series for I/tt with four free parameters: 

1 _ (4)77^ — 71 — p( 4 )777-77-g( 2 )777-p-g 

2^ " (m-n-p-g-l)!(i)77(i)p(f), 

X y (l + 2m + 4fc). 

fz-^ fc!(fc + m - n)!(|),+„_p(|)fe+„_/ 



Choosing a=i+m, fo=|+n, c=i+p and d = i + q in Q, we achieve the equation. 
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Theorem 21. For m,n,p,q £ Z with min{m — n,m — p,m — n — p — q} > 0, there holds 
the Ramanujan-type senes for 1/tt with four free parameters: 

S's/S (^)m — 71—^(2)^ — 71 — g( 2)^^1 — ^ — 9 

\ - (g)fc+m(^)fc + n(|)fc+p(|)fc + q , , 

to ^'■C' + ^ - + - + + ^'^^^ 

Making a=|+m, 6=|+n, c=|+p and d = i + g in (|4]), we attain the equation. 

Theorem 22. For m,n,p,q £ Z mi/i min{m — n,m — p, m — n — p — g — 1} > 0, there 
holds the Ramanujan-type series for 1/tt with four free parameters: 

_ ( 3 )m-n-p( 2 )iTi-n-q( 2 )m-p-i; 
2"" (f )m-n-p-g-l(|)n(|)p(|)5 

X (|)fc+m(|)fc + n(|)fc+p(^)fc + 9 (2 I 3m I 6fe) 

^ fc!(fc + m - n)!(fc + m - 

Setting a=i+m, 6=i+n, c=i+p and d = i + g in Q, we get the equation. 

Theorem 23. For m,n,p,q £ Z with min{m — n,m — pjni'-n — p — q} > 0, there holds 
the Ramanujan-type series for 1/tt with four free parameters: 

2\/3 (^)m — n — p ( 2 )777 — 77 — q ( ^)t7i — p — g 



X 

fe 



( 3 )777-77-p-lj(g)77( g )p( 2 )? 

( 6 ) fc + 777 ( g ) fc+77 ( 5 ) fc + p ( 2 ) fc + 9 



^ A:!(fc + m - n)!(fc + m - p)!(|)fc+777-g 



Taking a=| + m, 6=| + n, c=|4-p and d = i + g in (Q, we gain the equation. 

Theorem 24. For m,n,p,q £ Z uiit/i min{m — n, m — p, m — n — p — g — 1} > 0, there 
holds the Ramanujan-type series for 1/tt with four free parameters: 

2\/3 (g)777 — 77 — p( 2)777 — 77 — 9(^)771 — p — q 

3tT (g)„i-,i-p-q-l(|)n(|)p( 2 )q 

(f )fc + 77l(|)fc + 77(f )fc + p(|)fc + q I I 1'->/-'l 

t^ + m - n)!(fc + m - p)!(|).+777-q + ^"^ + 

Choosing a — ^ + m, b — ^ + n, c — ^ + p and d = | + g in (j4|, we achieve the equation. 

Theorem 25. For m,n,p, q £ Z with min{m — n, m — n — p — g— 1} > 0, there holds the 
Ramanujan-type series for 1/tt with four free parameters: 

2\/3 _ (§)777 - 71-p( g )777 - 77-q( 2 )777-p-q 

9TT - (m-n-p-g-l)!(i)4i)p(|), 

X y (l + 2m + 4fc). 

^ k\{k + m - n)!( 3)fc+,77-p(3)fe+777-q 

Making a — -\- m, b = + n, c — + p and d = | + g in (j4|, we attain the equation. 

Theorem 26. For m,n,p,q £ Z with min{m — n,m — p,m — n — p — q} > 0, there holds 
the Ramanujan-type senes for 1/tt with four free parameters: 

12(2 "s/S) ( Y2 )^— p ( 2 )^^^~9 ^ ^ ) 



( 12 )'"~"~P~'3( 12 )"( 12 )p(2 )? 

X y (T2)k+r^iT2h+4T2)'^+pihh+i (i + i2m + 24fc). 

f^^k\{k + rn-ny.{k + m-p)l{^)k+m-g 



7r-formulas with free parameters 
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Setting a=Y2+m, b=-^+n, c— -^+p and rf = i + g in (g}, we get the equation. 

Theorem 27. For m,n,p,q £ Z with min{m — n,m — p,m — n — p — q} > 0, there holds 
the Ramanujan-type series for I/tt with four free parameters: 

12(2 -f- \/3) ^^^^ m~n — p{^'2)Tii — n — qi^'2)m — p — q 

(12 )"i-n-p-g(Y2 )i(^)p(2)'J 

Taking a — + m, h = + n, c — + p and d = ^ + g in (|4]), we gain the equation. 

Theorem 28. For m,n,p,q G Z with min{m — n,m — p,m — n — p — q — 1} > 0, there 
holds the Ramanujan-type series for 1/tt with four free parameters: 

2 -\- \/3 ( Y2 ) ^~^~p ( 2 ^ ^ ) ^"P"*? 



X 



( 12 12 )"( 12 )p( 2 )'3 

( Y2 ) + ( T2 ) + " ^ T2 ) ^ + P ( 2 ) ^ + 5 



V ^i2^''+'"^i2^''+"Vi2;'=+PV2;^+. (7 + 24fc) 



Choosing a = -ji+m, 6 = c = yI+P ^-nd — | + g in (|4]) , we achieve the equation. 

Theorem 29. For m,n,p,q £ Z mt/i min{m — n, m — p, m — n — p — g — 1} > 0, t/iere 
/lo/ds the Ramanujan-type series for I/tt with four free parameters: 

5(2 \/3) ( Y2 ) ( 2 f ^ ) "^^p^^ 

^ ( 12)™-"~P-'J-i(t2)"(t2)p(2)'3 

X y (Tl)''+"(Tl)''+"(#)fc+p(y'=+^ (ll + 12m + 24fc). 

Making a=i+?n, 6=i+n, c=i+p and d — + g in Q, we attain the equation. 

Theorem 30. For m,n,p,q £ Z with min{m — n, m — n — p — g— 1} > 0, there holds the 
Ramanujan-type series for l/vr with four free parameters: 

5(2 — -\/3) _ (T2)'"~"~p(i2)"'^"~'i(2)"'~P~g 
6^ " (m-n-p-g-l)!(i)„(i),(ii), 

X y- {h)k+r.{\)u+^{^)u+A%)k+q (l + 2m + 4fc). 
^ A;!(fc + m - n)!(Y2)fc+m-p(Y2)fc+m-'3 

Setting a=i+m, 6=i+n, c=Tj^+p and d = + g in (|4]), we get the equation. 

Theorem 31. For rn, n,p,q £ Z with min{m — n, m — n — p — g — 1} > 0, there holds the 
Ramanujan-type series for I/tt with four free parameters: 

2 -f* \/3 ( )m — n — p ( )m — n — g ( 2 — p — g 

67r " (jn-n-p-g- l)!(i)„(^)p(j^)g 

X \^ (|)fc+m(|)fc+n(Yi)fc+p(i^)fc+g d I 2m I Ifc) 
fc!(fc + m - n)!(i|)fe+„_p(§),+„.g 



Remark: With the change of the parameters, Theorems I81 I31I can produce numerous 
concrete Ramanujan-type series for l/vr. We shall not lay them out one by one here. 
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